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1 . Introduction  - 

u o 

We"  believe7 that  the  technique  of  frequency  compensation  of  the  DUMILOAD 
electrical  termination  is  not  only  desirable  but  necessary  if  an  element's  true 
operating  conditions  are  to  be  simulated.  This  document,  although  it  presents  the 
results  of  a paper  study  only  with  no  experimental  verification,  shows  that  the 
proposed  technique  does  indeed  appear  to  be  feasible. 


2.  Sample  Case  Number  1 - 

^It  was  assumed  for  this  study  that  the  test  element  as  well  as  the 
DUMILOAD  would  consist  of  an  AN/SQS-26  (CX)  transducer  element  exclusive  of 
mount.  AWhile  better  DUMISTACKS  undoubtedly  exist,  sin^e  no  ixp^in._r,t  1 , erification 
was  planned  at  this  time,  it  was  felt  that  virtually  any  model  (as  long  aG  It  bore 
any  resemblance  at  all  to  reality)  would  serve. 

The  desired  head  impedance  of  the  test  element  versus  frequency  is  shown  on 
the  following  page.  At  any  given  frequency,  the  value 

‘ j * 

corresponds  to  the  theoretical  radiation  loading  upon  a circular  piston  of 
equivalent  area  at  the  end  of  an  infinite  pipe  while  the  value 


‘ j X 


corresponds  more  nearly  to  the  value  actually  seen  by  an  element  (or  to  the  value 
the  element  acts  as  though  it  sees)  in  free-field  conditions.  The  experimental 
value  was  chosen  for  the  first  case. 
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Knowing  the  desired  head  impedance  and  possessing  a model  for  the 
DUMISTACK,  the  necessary  electrical  terminating  impedance  may  be  determined. 
Then,  employing  General  Electric's  OPTIM  program,  a curve  fit  to  this  impedance 
is  obtained.  For  this  particular  case,  a function  of  the  form! 


S*»AS  B 

S(S*i-  C3+  V) 


provides  an  accurate  fit  to  the  data.  The  two  following  figures  show  the  desired 
magnitude  and  phase  curve  compared  with  the  results  of  the  curve  fit.  Then, 
possessing  numerical  values  for  A,  B,  C and  D,  we  may  turn  to  the  more  difficult 
task  of  synthesizing  a network  which  will  yield  the  desired  driving-point 
impedance. 

The  driving-point  impedance  Z(s)  can  be  classed  as  a general  R-L-C  network, 

A realization  of  this  impedance  can  be  obtained  by  partial  fraction  expansion  if 
certain  conditions  are  met,  otherwise,  other  techniques  must  be  utilized. 

For  a function  Zj (s)  to  be  realizable  by  partial  fraction  expansion,  that  is 
for  the  function 

the  following  condition  must  be  met 

a,b|  aa0  e O 

with  the  above  condition  met,  the  following  network  is  the  realization  of  Zi  (s) 
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The  driving-point  impedance  Zts)  is  not  of  the  form  described  above,  but  by  simple 
manipulation  this  form  can  be  obtained,  that  is 


Now  Z(8)  is  of  the  form  described  above. 

For  both  the  examples  given.  A,  B, 
were  satisfied,  so  that  the  driving-point 
network 


s“.Cs  + D 

C,  and  D were  such  that  ail  conditions 
impedance  Z(s)  could  be  realized  by  the 
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Once  the  network  (although  possibly  not  the  optimal  one)  has  been 
synthesized,  it  must  be  analyzed  to  determine  the  necessary  component  rating 
values.  The  network  was  analyzed  for  two  driving  conditions,  constant  power 
input  and  constant  volt-ampere  input  with  both  ideal  components  and  lossy 
(inductors  with  Q's  of  400  and  capacitors  with  loss  tangents  of  0.001)  com- 
ponents used.  The  graphs  on  the  following  pages  present  the  voltages,  currents 
and  power  losses  versus  frequency  for  these  fou’’  cases. 

Based  upon  experience,  the  constant  volt-crapere  drive  probably  corresponds 
more  nearly  to  what  would  be  seen  in  practice  then  does  the  constant  power  drive. 
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3.  Sample  Cage  Number  2 - 

For  this  case,  the  first  of  the  two  radiation  loads,  the  theoretical  one 
was  chosen.  Since  the  impedance  curve  retains  basically  the  same  shape,  the  same 
form  for  the  driving-point  impedance  function  may  be  used  and  the  same  type  of 
network  (with  slightly  different  component  values)  will  yield  the  desired  value. 

The  analysis  conditions  remain  as  before  with  the  results  being  presented 
on  the  following  pages. 
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4.  Summary  - 


This  study  shows  the  technique  to  be  feasible  although  a slightly 
different  type  of  network  might  yield  more  desirable  component  values.  In 
fact,  If  the  A,  B,  C and  D terms  In  Z(s)  change  by  more  than  a minimal  amount,  a 
different  type  of  network  will  probably  have  to  be  used  to  realize  the  driving** 
point  lmped«mce  function. 


